Abstract. Oral squamous cell carcinoma (OSCC) is the most common head and neck cancer. Only in Brazil, the estimate is for 14,160 new cases in 2009. HPV is associated with increasing risk of oral cancer, but its role in carcinogenesis is still controversial. BUBR1, an important protein in the mitotic spindle assembly checkpoint (SAC), has been associated with some virus-encoded proteins and cancer. The aim of the present study was to evaluate the expression of BUBR1 in non-malignant oral lesions and OSCC with and without metastasis associated with HPV infection. We performed immunohistochemistry for BUBR1 in 70 OSCC biopsies divided into three groups (in situ tumors, invasive tumors without metastasis and invasive tumors with metastasis) with their respective lymph nodes from samples with metastasis and in 16 non-malignant oral lesions. PCR was performed in order to detect HPV DNA. Significantly higher BUBR1 expression associated with shorter survival (p=0.0479) was observed in malignant lesions. There was also a significant correlation (r=1.000) with BUBR1 expression in lesions with metastasis and their lymph nodes. Ninety percent of OSCC and 100% of benign lesions were HPV positive. HPV16 and HVP18 were present in 13 and 24% of HPV-positive OSCC samples, respectively. HPV was more prevalent (76%) in samples with a high BUBR1 expression and the absence of viral DNA had no influence on BUBR1 expression. These findings suggest that HPV could be associated with overexpression of BUBR1 in OSCC, but not in benign oral lesions.
Introduction
Oral squamous cell carcinoma (OSCC) is the most common head and neck cancer and occupies the eighth position in cancer incidence worldwide, with an estimated annual incidence of more than 170,000 new cases (1) (2) (3) . Only in Brazil, the estimate is for 14,160 new cases in 2009 (4) . OSCC is a disease particularly occurring in low income communities and among older men, with a mean age at diagnosis of 62.0 years and a male:female ratio between 1.3:1 and 2:1 (5).
Tobacco and/or alcohol are recognized as the major risk factors associated with oral carcinogenesis, but several studies have shown that human papillomavirus (HPV) is associated with increasing risk of oral cancer, independently of exposure to tobacco and alcohol (6) (7) (8) (9) . The role of HPV in oral carcinogenesis is still controversial because of different frequencies detected (0-100%) (10, 11) . Some studies report more prevalence of high-risk HPV types 16 and 18 in malignant and potentially malignant oral lesions, but other authors have not detected an association between these types of HPV and the type of oral lesion (12) (13) (14) (15) (16) .
The oncoproteins E6 and E7 from HPV can be viewed as oncogenic factors which can disrupt checkpoint controls and interfere in major control pathways of cell cycle and apoptosis, thereby inducing mitotic abnormalities and increasing genomic instability (17) . Some studies show that karyotypes of OSCC are near-triploid and present many structural and numerical abnormalities that could influence chromosomal segregation (6, (18) (19) (20) . BUBR1 is an important protein in the mitotic spindle assembly checkpoint (SAC), a checkpoint that protects the cell from chromosome missegregation and aneuploidy during mitosis. Individuals with missense or truncating mutations in the BUBR1 gene are predisposed to ONCOLOGY REPORTS 23: 1027 -1036 , 2010 BUBR1 expression in benign oral lesions and squamous cell carcinomas: Correlation with human papillomavirus the development of childhood cancer including rhabdomyosarcoma, Wilms tumor, and leukemia (21) . However, BUBR1 mRNA and/or protein overexpression has been found to be associated with tumor recurrence and progression of renal and bladder cancer (22, 23) , and was also observed in malignant salivary gland tumors and in breast and gastric cancer (24) (25) (26) . Since HPV has been cited as a risk factor of oral carcinogenesis, and since some studies have shown the association between viral proteins and the BUBR1 (22, 27) , the aim of the present study was to evaluate the expression of BUBR1 immunoperoxidase in non-malignant oral lesions and in OSCC with and without metastasis associated with HPV infection. An additional objective was to compare quantitative analyses of BUBR1 performed with a computer-assisted system to quantification by a pathologist. W were also evaluated. Thin (5 μm) sections were cut, placed on organosilane-pretreated slides and submitted to immunohistochemical assays (BUBR1). Additionally, two sections of 10 μm were cut for DNA extraction and HPV typing. Clinicopathological information on the patients such as age, sex, history of smoking and alcohol consumption was obtained from the patients' medical records.
Materials and methods

Specimens
Immunohistochemistry for BUBR1. Immunohistochemistry was performed for the detection of BUBR1 protein using the avidin-biotin peroxidase complex (ABC) method (Novocastra, Newcastle-upon-Tyne, UK). Paraffin-embedded sections were deparaffinized in xylene and then rehydrated through a graded alcohol series. For antigen retrieval, the sections were immersed in Tris-EDTA buffer, pH 9.0, and submitted to steam heating for 35 min at 98˚C. The sections were cooled at room temperature and incubated for 20 min in a 3% H 2 O 2 solution to block endogenous peroxidase activity. After rinsing 3 times in 1 M standard phosphate-buffered saline (PBS) baths, the sections were incubated in 2% horse serum for 30 min to reduce non-specific antibody binding and with a primary antibody raised against BUBR1 overnight (Mouse monoclonal, 1:100; Abcam-ab54894, Cambridge, UK). After incubation with the primary antibody, the slides were rinsed with PBS 3 times and immunoperoxidase staining was performed using a biotinylated secondary antibody and the streptavidin-peroxidase complex (Novocastra), each step for 30 min. Between the stages described above, the sections were carefully rinsed 3 times with PBS. Subsequently, the sections were incubated in a solution containing 5 mg of diaminobenzidine (Gibco, Gaithersburg, MD, USA) dissolved in 5 ml of PBS and 120 μl of hydrogen peroxide. The DAB reaction was blocked with one wash of PBS followed by rinses in distilled water. The sections were then counterstained with Harris' hematoxylin for 1 min, rinsed with distilled water, dehydrated with three absolute alcohol washes, immersed twice in xylene and mounted on Permount mounting medium (Merck, Darmstadt, Germany). All the steps were performed at room temperature. A normal tonsil, which is an accessible tissue containing highly proliferative cells in its germinal centers, was chosen as a positive control sample (28) . A negative control sample was performed by replacing the specific primary antibody with PBS.
Qualitative immunolabeling evaluation. Scoring and qualitative interpretation of immunohistochemical results were carried out by an experienced pathologist and data were classified as negative, discrete, moderate or intense immunolabeling. We considered the expression of BUBR1 to be low when the cells from the oral lesions were negative or showed discrete immunostaining. BUBR1 expression was classified as high when moderate or intense immunolabeling was observed.
Image acquisition and quantitative BUBR1 evaluation.
Positive cytoplasms were automatically quantified by a computer-assisted system (Image-Pro Plus-Cybernetics, MD, USA) consisting of a microscope, a digital camera and a software package. A mean of ten random microscope fields were selected in order to analyze 1,000 cytoplasm fields per biopsy in all patient sections. The images of the sections of 70 patients with oral carcinoma, 16 benign lesions and cervical lymph node biopsies were acquired on an electron photomicrograph and were then processed and analyzed by the software. For each slide, the digitized image segmentation was controlled interactively by the RGB color filter existing in the software program. The automatic cytoplasm count was determined and expressed as percentage.
HPV detection and typing. Genomic DNA was obtained according to the protocol proposed by Bettini et al (29) modified. For generic HPV amplification by PCR the GP5 + (5'-TTT GTT ACT GTG GTA GAT ACT AC-3') and GP6 + (3'-CTT ATA CTA AAT GTC AAA TAA AAA G-5') primers, which amplify a 150 bp DNA fragment, were used (30) . As an internal control of amplification and to evaluate the efficacy of DNA extraction, the amplification of generic HPV was performed together with primers for the human ß-globin gene (PCO3 + 5'-CTT CTG ACA CAA CTG TGT TCA CTA GC-3') and (PCO4 + 3'-CCA CTT GCA CCT ACT TCA ACA CCA CT-5') (31). The generic HPV-positive samples were amplified with specific primers for HPV16 (E7.667 5'-GAT GAA ATA GAT GGT CCA GC-3' and E7.774 3'-CGA AGC CAA CAC GCA TGT TTC G-5') and HPV18 (E7.696 5'-AAG AAA ACG ATG AAA TAG ATG GA-3' and E7.779 3'-ACA CAA CAT TCA CAC TTC GG-5') as described by Walboomers et al (32) . The reaction mixture included 2 μl of genomic DNA, 20 mM deoxynucleoside triphosphate (Pharmacia, Uppsala, Sweden), 10 pmol/μl of each primer (IDT, IA, USA), 1.25 U Taq polymerase (Invitrogen, Brazil), 0.75 mM MgCl 2 , 3.5 μl of 10X buffer (Invitrogen, Brazil), and distilled deionized H 2 O to complete a total volume of 23 μl. The cycling conditions for almost all generic and HPV types consisted of an initial denaturation step at 94˚C for 5 min, followed by 40 cycles at 94˚C for 1 min, at 55˚C for 1 min, and at 72˚C for 1 min, with a final extension cycle of 72˚C for 10 min. PCR products were separated on 10% non-denaturing polyacrylamide gels followed by silver staining, as described by Sanguinetti et al (33) . The positive PCR control was HPV-positive DNA collected from cervical samples. As a negative control, all PCR reagents were added to an Eppendorf tube containing no DNA sample.
Statistical analysis. The distributions of three clinical parameters were compared between the different groups by means of the two-sided Fisher's exact test (2x2 contingency tables) with the aid of GraphPad InStat software, which was also used to estimate the odds ratio (OR) and its 95% confidence interval (95% CI). Age, reported as arithmetic mean and standard deviation, was also compared between groups by means of the two-sided unpaired Student's t-test.
Qualitative differences in BUBR1 expression related to clinicopathological features in the groups were evaluated by means of the Fisher's exact test (in case of 2x2 tables) using the GraphPad InStat software or by an exact test that uses the Metropolis algorithm to obtain an unbiased estimate of the exact p-value and its standard error (in case of more complex RxC tables) using RXC software. For quantitative analysis, since the BUBR1 expression data passed the Kolmogorov-Smirnov normality test (KS), parametric analyses were performed using one-way ANOVA with the Tukey-Kramer multiple comparisons post test and the unpaired t-test with Welch correction. The correlation between OSCC W and LN was calculated using the Spearman rank correlation test.
The differences in the prevalence of HPV and HPV types in the different groups were evaluated by an exact test using RXC software and the correlation between BUBR1 expression and HPV prevalence was calculated by the Fisher's exact test (in case of 2x2 tables) using the GraphPad InStat software. The comparison of mean of BUBR1 expression between the HPV-positive malignant groups was evaluated by the unpaired t-test with Welch correction and when the data did not pass the normality test, the Mann-Whitney test was used.
Analysis of survival time was performed using KaplanMeier curves and differences between curves were evaluated by the log-rank test using the GraphPad Prism version 4.00 for Windows. Cumulative survival was computed from the date of diagnosis or surgery to the documented date of follow-up or death. P-values were two-sided and the level of significance was set at 5% (·=0.05).
Results
Oral squamous cell lesions and clinical parameters.
A total of 86 cases of oral lesions were studied in 71 men and 15 women with a mean age of 56.79 years. Tobacco and alcohol exposure was a predominant habit in 80.2 and 66.3% of patients, respectively. Mean age and gender were quite homogeneous among the different groups studied. However, the group of non-malignant oral lesions (OL NM ) showed a different behavior compared to the other groups regarding tobacco and alcohol exposure (Table I) .
Statistical analysis of the clinical parameters demonstrated that there more men had oral carcinomas as a whole, but especially in cases with metastasis, when compared with the non-malignant group. The frequency of tobacco and alcohol consumption was significantly higher in all carcinomas evaluated together than in benign lesions. The groups with in situ carcinomas and with metastasis also had signi-ONCOLOGY REPORTS 23: 1027-1036, 2010 Table I . Clinical parameters of the 86 patients evaluated according to age, sex and tobacco and alcohol exposure. a No information was available about tobacco and alcohol exposure for four and five patients, respectively. M, mean; SD, standard deviation.
ficantly more smoking and drinking patients than nonmalignant patients. The smoking habit was more frequent among patients with invasive carcinomas without metastasis only when compared with in situ carcinomas (p=0.0312) and alcohol consumption was also statistically more common among patients with invasive samples without metastases than in non-malignant ones (Table II) (Fig. 1) . In this study, we observed only immunolabeling of BUBR1 in the cell cytoplasm, as previously reported (28) . Even in most cases showing high BUBR1 expression, the relationship between qualitative BUBR1 expression and clinicopathological features (location, TNM stage, treatment, recurrence and death) did not show a positive association, except regarding location when all malignant samples were analyzed together (p=0.0078±0.0003). We observed that the profile of BUBR1 expression in the tongue was opposite to that in the gums. The tongue showed high expression in 28 out of 33 samples while the majority of guns showed low expression, as summarized in Table III . The immunostaining of cervical LN biopsies with metastasis showed high expression in 15 (65%) out of 23 lymph nodes.
Quantitative expression of BUBR1 in oral lesions. Similar to the qualitative evaluation of BUBR1 expression, quantitative analyses showed a significantly higher number of cells expressing BUBR1 in malignant oral lesions, but not in nonmalignant ones. Cervical metastatic lymph nodes presented quite similar expression, as observed in their respective invasive oral lesions (Fig. 2) . Thus, multiple comparisons analysis showed a statistically significant difference between the OL NM group and the other groups studied, as shown in Table II . Clinical parameters of malignant versus non-malignant groups and among the different groups of oral squamous cell carcinoma. 
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OSCC WT group, in five cases of the OSCC W group, and in two lymph nodes. There was a significantly higher (p=0.000146) detection rate of HPV18 in the OSCC WT and OSCC W groups than in the OSCC IS and OL NM groups. HPV was more prevalent (76.2%) in the malignant cases with high BUBR1 immunolabeling. The number of HPV-negative cases was equal in samples with high or low expression of BUBR1. Interestingly, we also observed that in some cases presenting koilocytes (HPV-infected cells) the BUBR1 protein was expressed specifically in the cytoplasm of these cells, while in surrounding cells that had no characteristics of koilocytes, the expression was absent (Fig. 1C) .
More HPV18 was found in carcinomas with high BUBR1 expression, but HPV type 16 and the cases with both HPV types showed similar prevalence according to BUBR1 immunolabeling. Statistical analysis showed no significant association between the presence of HPV and qualitative BUBR1 expression, as summarized in Table V . Fifteen lymph nodes showed high expression of BUBR1. Of these, two were type 16 and three were type 18. The other ten lymph nodes were neither 16 nor 18 types and therefore were considered as other types. Since all OL NM cases showed a low BUBR1 expression and HPV was found in all cases, this group was not considered for statistical analysis.
Considering only HPV-positive lesions, the comparison of the mean number of labeled cells from cases classified as high and low BUBR1 expression showed that the number of marker cells differed significantly in oral carcinomas with metastasis, in metastatic lymph nodes and when all malignant cases were analyzed together. In invasive carcinomas without metastasis the difference between means of high and low expression was quite significant, as summarized in Table VI .
Survival analysis. After a median follow-up of 25 months, 25 of the 70 patients with malignant oral lesions had died. The estimated mean cumulative survival from the date of diagnosis was 24 months for patients with high BUBR1 expression and 28 months for patients with low expression. Thirty of 70 oral carcinomas from the in situ, with and without metastasis groups had recurrence within a mean period of 13.5 months after the first diagnosis. None of the 16 patients without oral carcinoma died or presented malignant lesions during a median follow-up of 24 months and all of them showed low BUBR1 expression. Patients with malignant samples with high BUBR1 expression showed a significantly shorter cumulative survival than patients with malignant samples with low expression (logrank test, p=0.0479), as described in Fig. 3 .
No significant difference was observed between the cumulative survival curves for patients with metastatic LN with high and low BUBR1 expression. The comparison of cumulative survival curves for HPV-positive and HPV- Low  High  expression expression p-value ± SE  ------------------------------------------------ 
------------------------------------------------Malignant groups (n=70) --------------------
NM , non-malignant oral lesion; OSCC IS , in situ oral squamous cell carcinoma; OSCC WT , invasive oral squamous cell carcinoma without metastases; OSCC W , invasive oral squamous cell carcinoma with metastases. LE, low expression; HE, high expression; SE, standard error. a RXC software (http://www.marksgeneticsoftware. net/rxc.htm). b Fisher's exact test.
c Other treatments, phototherapy or treatment at another service.
d Statistically significant. Table IV . Immunoexpression of BUBR1 in malignant versus non-malignant oral lesions. 
, non-malignant oral lesion; OSCC IS , in situ oral squamous cell carcinoma; OSCC IS , in situ oral squamous cell carcinoma; OSCC WT , invasive oral squamous cell carcinoma without metastases; OSCC W , invasive oral squamous cell carcinoma with metastases. a One-way ANOVA followed by the Tukey-Kramer post-test (p<0.0001). b Unpaired t-test with Welch correction (p<0.0001). c Statistically significant.
negative malignant cases showed no significant difference (p=0.5315). However, patients who presented HPV DNA in their samples had shorter survival than HPV DNAnegative patients. No significant difference in survival curves was observed according to the viral type in oral carcinomas, but patients with HPV18 infection showed the shortest survival, followed by HPV16 and the other types that were not classified. The survival of patients with the presence of HPV16 in lymph nodes was longer than the survival for of patients with HPV18, and patients with lymph nodes Table V . BUBR1 expression in malignant oral lesions according to prevalence of HPV and types. ----------------------------------------------------------------------------------------------------- Fisher's exact test.
- --------------------------------------------------------------------------------------------------- Table VI . BUBR1 expression in HPV-positive cases. - containing other viral types presented the shortest overall survival (data not shown).
Discussion
Similar to previous studies in developing nations, the mean age of our patients including the group of non-malignant lesions was 56.79±1.40 years (34, 35) . In this study, tobacco exposure was observed in 90% of the patients with OSCC, ranging from 77.8 to 100% intergroup. The profile of our patient regarding tobacco consumption was similar to those detected in some previous studies even in developed countries (9, 35, 36) , but other authors reported a different prevalence (50-65.5%) of smoking patients (1, 34, 37) . The percent of smokers in OL NM was similar to the control group of a study with young adults performed by Rodriguez et al (38) .
Undoubtedly important in OSCC, alcohol increases the risk of OSCC, but how the intensity of alcohol intake determines this risk is unclear. Most of our patients with OSCC (77%; range: 70-91.3%) were also alcohol drinkers, in agreement with previous findings in Hungary (75.5%) (37), Brazil (80.9%) and the USA (69.8%) (35) , but in contrast to some studies that found a lower prevalence of alcohol consumption (1, 9, 34, 38, 39) .
HPV has been associated with increased risk of oral cancer regardless of tobacco and alcohol exposure, especially the high-risk types 16 and 18 (6, 7, 40) . In this study, 90% of OSCC and 100% of OL NM were HPV positive. A Chinese study on 73 OSCC found a 74% prevalence of HPV (41), while Bouda et al (13) and Furrer et al (12) , in studies on smaller samples, detected 95 and 100% HPV positivity, respectively. The results of the present investigation agree with the latter two studies. However, most studies report a range of viral prevalence from 20 to 43% (42) (43) (44) (45) . HPV prevalence varies from 0 to 55% in normal oral samples and is more than 80% in hyperplasias and dysplastic lesions (8, 14, 41) . Our samples without cancer were diagnosed as traumatic fibromas, and therefore the high prevalence of HPV in our group without cancer must be a regional characteristic. Brazilian (44, 46) and Italian (14) studies of OSCC have reported a higher prevalence of HPV18 than HPV16, which agrees with our results, but does not agree with the majority of studies conducted in other countries where HPV16 is the most prevalent type in oral malignant lesions (16, 41, 45) . Only the OSCC WT and OSCC W groups presented co-infection with both viral types, representing 10% of our malignant oral lesions, which is consistent with data reported by other authors (41, 44, 47) .
Studies on mutations in the BUBR1 gene, its expression by mRNA, IHC and Northern blotting have been performed in other types of samples such as adrenocortical tumors (48) , breast cancer (25) , lung cancer (49), thyroid tumors (50), glioblastomas (51) , and hepatocellular carcinoma (52) . Our findings of high BUBR1 expression in OSCC, from 70 to 78% of cases intergroup, were similar to the results reported by Grabsch et al (26) that showed BUBR1 mRNA overexpression in 68% out of 43 gastric carcinomas, although without a correlation with DNA ploidy or histopathological parameters. We observed no significant association of BUBR1 expression and clinicopathological features, except for location. On the other hand, Yamamoto et al (23) and Burum-Auensen et al (53) observed BUBR1 overexpression in bladder cancer and ulcerative colitis-associated colorectal cancer which was correlated with higher histological grade, advanced pathological stage, tumor recurrence and disease progression.
It has long been known that several virus-encoded proteins, including HPV E6/E7, induce aneuploidy and genomic instability by disrupting mitotic checkpoint controls. Some reported targets of these viral proteins are BUB1, BUBR1, MAD1 and MAD2 (22, (54) (55) (56) . To our knowledge, there have been no studies evaluating BUBR1 expression in OSCC associated with HPV infection by IHC. In our study, HPV was more prevalent in the samples of oral carcinomas with high BUBR1expression and in some cases that presented koilocytes, the expression of BUBR1 was observed only in the cytoplasm of these cells. This co-localization of HPV and BUBR1 immunolabeling may suggest some kind of interaction between the virus and BUBR1 protein. However, further studies analyzing this possibility in more detail could contribute to the understanding of the probable roles of HPV in carcinogenesis and in genomic instability.
Our malignant samples with high BUBR1 expression showed significantly shorter survival. Yamamoto et al (23) analyzed BUBR1 by IHC in 104 human urothelial bladder carcinomas and found similar results. The presence of HPV in our malignant samples was associated with shorter cumulative survival, which is not consistent with Chien et al (57) and Armas et al (58) , who reported higher survival rates in HPV-positive patients with tonsil and head and neck carcinomas, respectively. The cause of this disagreement could be the fact that we found a higher prevalence of HPV in malignant cases than reported in other studies, or the variability of the sites evaluated in each study. In addition, the survival curves for HPV-positive Brazilian floor of the mouth carcinomas reported by Simonato et al (39) were similar to ours.
It is known that BUBR1 interacts with and phosphorylates p53 (59), which is degraded by the HPV E6 oncoprotein (60, 61) . Thus, BUBR1 overexpression in our samples of oral carcinomas could be some compensatory response due to the probable competition binding of HPV oncoproteins to proteins at the mitotic checkpoint. According to our findings, the presence of HPV in oral mucosa with malignant lesions could induce deregulation of the expression of BUBR1, which is a key protein of the mitotic checkpoint. In addition, the overexpression of BUBR1 and the presence of HPV DNA, especially the high-risk type 18, were associated with shorter survival of patients with oral carcinoma. Since the relation between viruses and BUBR1 is a recent issue, our study brings new insights into the understanding of the role of HPV in oral carcinogenesis.
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